We study the possibility of an intermediate scale existing in supersymmetric SO(10) grand unified theories: The intermediate scale is demanded to be around 10 12 GeV so that neutrinos can obtain masses suitable for explaining the experimental data on the deficit of solar neutrino with Mikheev-SmirnovWolfenstein solution and the existence of hot dark matter. We show that any Pati-Salam type intermediate symmetries are excluded by requiring reasonable conditions and only SU(2) L × SU(2) R × SU(3) C × U(1) B−L is likely to be realized as an intermediate symmetry.
In constructing a realistic unified theory of matters and fields, it is inevitable to answer a question about neutrino masses. There seems to exist experiments indicating the neutrino masses and their mixing [1] : some experiments show a deficit of the solar neutrino, which may be explained by Mikheev-Smirnov-Wolfenstein (MSW) solution [2] . For example, according to one of MSW solutions, the mass of muon neutrino seems to be m νµ ≃ 10 −3 GeV. Those small masses may be explained by the see-saw mechanism [3] :
muon neutrino can acquire such a small mass if Majorana mass of right-handed muon neutrino is about 10 12 GeV. Furthermore if all Majorana masses of right-handed neutrinos are of about 10 12 GeV, the see-saw mechanism leads to the mass of tau neutrino m ντ ≃ 10 eV, which is desirable for the interpretation that tau neutrino may be hot dark matter. In the framework of SO(10) Grand Unified Theory (GUT) [5] , we can naturally incorporate right-handed neutrinos into ordinary fermions.
On the other hand it is well known that in Minimal Supersymmetric Standard Model (MSSM) the present experimental values of gauge couplings are successfully unified at a unification scale M U ≃ 10 16 GeV [6] . First of all we show the breaking patterns allowed in our scenario,
The first assumption is that there is at least one Higgs multiplet which is able to supply the intermediate scale mass to right-handed neutrinos besides ordinary matter (ordinary fermions, right-handed neutrinos and two Higgs doublets).
The second is that candidates for the matter contents in the intermediate region are multiplets included in representations 10, 16, 45, 54, 120, 126 and 210 of SO(10).
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Phenomenologically we impose further constraints to our models.
The unified scale M U is larger than 10
16 GeV. This is necessary for suppression of proton decay [9] . 
The unified gauge coupling
This constraint is required for a perturbative region to expand to GUT scale.
Any colored Higgs is not contained in the intermediate physics. This is needed also
for suppression of proton decay [9] .
Under these conditions, we specify combinations of matters mentioned above which realize the unification of gauge couplings to achieve GUT with a simple group.
Next we show the condition on the beta functions in the intermediate scale in order to achieve the unification of gauge couplings. In the following we made an analysis based on RGE up to one loop. The conditions of the unification are described by
s with dash and without dash denote the beta function in the lower scale and higher scale than the intermediate scale M R , respectively. R and U are defined by
These equations lead to the relation which R and U must satisfy,
Here we have assumed that in the lower scale MSSM is realized, so the equation (4) has always a solution U = R ≃ 10 16 GeV, which corresponds to the case that there is no intermediate scale physics. Therefore if there is a nontrivial intermediate scale R, the beta functions must satisfy the following condition,
Since the beta functions in MSSM are given by
the beta functions between the intermediate scale and GUT scale must satisfy the equation,
which we call "the unification condition". 2 This is a sufficient condition on the gauge coupling unification under the assumption that MSSM is realized in the lower scale. When
C satisfies the unification condition, in this case the condition that all couplings are unified is not fulfilled. Therefore this case is excluded. the equation (7) is satisfied, R becomes an arbitrary parameter. Therefore we introduce an intermediate scale.
We make an analysis as follows using the unification condition for the beta functions in addition to the above restrictions. Taking one combination of matter contents on the intermediate physics, we see whether the unification condition is fulfilled or not. If it is the case, we can calculate the unified scale M U and the gauge coupling α U (M U ) at the unified scale using following equations,
once M R and α . We choose input parameters from ref. [6] as follows,
Then we select the matter contents which satisfy the criteria. A search was made for all possible combinations of matter contents. The reason why this is possible is that the number of each matter multiplet which we can take into account simultaneously is limited. If the number of a representation is sufficiently large, its contribution to beta functions is too big to keep the couplings α i 's in the perturbative region below the unification scale M U (see constraint 2). Now we present our results. The case II. is the most preferable group for us accepting it as the intermediate one. In this case, though many combinations of matter multiplets satisfy the conditions which we imposed, most combinations lead the gauge coupling α U to the value of about 1/5, which is beyond the acceptable region to apply the perturbation theory. Figure 1 . In contrast to the fact that many viable combinations exist in the case II, there is no solution for the breaking chain of I, in which SO(10) breaks down to SM through so-called Pati-Salam symmetry [11] . Therefore if we consider both supersymmetric GUT 
